Microcrystalline cellulose powder (MCC) with an average particle size of 50 μm, periodic acid (H5IO6), and deuterium oxide (D2O, with 99.9 atom % D) were bought from Sigma-Aldrich. Aqueous hydrochloric acid (HCl, 37%), potassium hydroxide (KOH), potassium phosphate (K3PO4) potassium carbonate (K2CO3), sodium periodate (NaIO4) and sodium hydroxide (NaOH) were purchased from VWR. All chemicals were of analytical grade or higher. Deionized water (DI water) was used throughout the experiments. The wood pulp from beech was a gift from Lenzing (Austria), the sawdust (of Scots pine (Pinus sylvestris) and European beech (Fagus sylvatica)) was from own workshop, and kenaf and flax fibers were received as gift from own faculty.
Liquid-state 1 H-NMR, 13 C-NMR spectroscopy and attached proton test (APT)
The isolation of PO-CNCs from MCC was performed in D2O. 1.76 g of H5IO6 was dissolved in D2O and the pH of reaction solution was adjusted to 10 by KOH (4 mol/L) which was dissolved in D2O, 0.25 g of MCC was added into the solution and the total volume of reaction were fixed to 38 mL. The reaction was performed at room temperature under continuous stirring for 14 days in dark. Immediately after the reaction, the solid were separated out with centrifugation (14000 rpm, 20min, 4 °C, Thermo scientific Multifuge X3 FR, F15-6•100y), then the supernatant was filtered for liquid-state 1 H-NMR, 13 C-NMR, and APT measurement. All spectra were obtained on a Bruker 300 MHz NMR spectrometer, a Bruker Avance III 500 MHz spectrometer or a Varian Inova 600 MHz spectrometer in D2O at 25°C. Chemical shifts are reported relative to the solvent peak.
Solid-state 13 
C CP/MAS NMR spectroscopy
The experiments were run on a Bruker 850 MHz spectrometer equipped with a 3.2 mm MAS Efree probe. All HC-CP spectra were recorded at a spinning frequency of 11 kHz and a temperature at 287 K. The proton to carbon CP transfer time of 2ms and interscan delay (d1) of 4 seconds were kept constant between different measurements.
During CP, a ramped pulse (100 to 90 percent) was applied on the proton channel. A total of 16384 scans were acquired for each sample.
Determination of contents of aldehyde groups by titration
Before the titration, the pH value of the aqueous PO-CNCs suspension was adjusted to 3.5 using HCl solution (1 mol/L). Then, 10 mL hydroxylamine hydrochloride solution (5% w/w) was added into the suspension. The pH of the solution was kept at 3.5 by adding NaOH solution (0.05 M), until no decrease of pH was observed. The contents of aldehyde groups were calculated based on the consumption of the aqueous NaOH solution according to:
where C is the concentration of aldehyde groups on PO-CNCs, CNaOH is the concentration of the aqueous NaOH solution, VNaOH is the volume of the used NaOH solution, and is the mass of dried PO-CNCs [2] .
Determination of contents of aldehyde groups by elemental analysis
The amount of aldehyde groups was determined based on the Schiff base formation between aldehyde groups and hexylamine by measuring the mass ratio of carbon and nitrogen. 0.14 g of purified sample were transferred into methanol by repeated washing with methanol and collecting with ultracentrifuge. Then, 0.5 mL of hexylamine was added into the suspension and the mixture was stirred for 4 hours. After that, 0.5 g NaBH4 was added into the mixture and the mixture was stirred for overnight. After the reaction, the product was repeatedly washed with ethanol and water, and finally dried in vacuum dryer at 60 °C. The contents of carbon, hydrogen and nitrogen were determined on an Elemental Analyser 4.1 vario EL III (Elementar, Germany).
Determination of carboxyl groups by conductivity titration
Before the titration, the pH value of the PO-CNCs suspension was adjusted to 2 using aqueous HCl solution of 1 mol/L. Then, the suspension was titrated on 665 Dosimat The contents of carboxyl groups were calculated based on the consumption of the aqueous NaOH solution for carboxylic groups according to:
where C is the content of carboxyl groups, CNaOH is the concentration of the aqueous NaOH solution (0.05 mol/L), VNaOH is the volume of the used NaOH solution for neutralizing carboxylic groups and m is the mass of PO-CNCs [3] .
Zeta Potential
Zeta Potential measurement was performed on a Zetasizer Nano ZS (Malvern Instruments Ltd., UK). For the Zeta potential measurement, the PO-CNCs suspensions were diluted to a concentration of ~0.5 mg/mL with DI water. 1 mL of PO-CNCs suspension in DTS1070 disposable folded capillary cell was used for the measurement.
Raman Spectroscopy
Raman spectra were measured using a HORIBA Scientific LabRAM HR 800 (400-1100 nm) spectrometer with open-electrode CCD detector and a confocal pinhole with user controlled variable aperture, in combination with a free space optical microscope and a He:Ne laser (632.8 nm).
X-ray crystallography
Crystal data and details of the data collections are given in Table S3 . X-ray data were collected on a STOE IPDS II diffractometer (graphite monochromated Mo-Kα radiation, λ = 0.71073 Å) by use of scans at -140 °C. The structure was solved with SHELXT and refined on F 2 using all reflections with SHELXL-18 [4] . Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined freely. Face-indexed absorption corrections were performed numerically with the program X-RED [5] . The structure of K4H2I2O10•8H2O has been reported previously, with slightly different cell parameters [6] .
Analysis of chemical compositions of various lignocelluloses
The samples were shredded to a size of averagely 0.5 mm before applying the extraction on these various lignocelluloses with toluene. The dry contents of the extracted and non-extracted sample were determined. The content of lignin was detected according to the method from Klason [7] and the content of cellulose was detected according to Kürschner's method [8] . NaClO2 was used for the determination of holocellulose [9] . The ash content was determined using thermogravimetric analysis at In this work, we examined the effect exerted by changing the pH value, the amount of periodate, and temperature in addition to the other parameters presented in main text.
In order to find the optimal reaction pH, the isolation was operated with a molar ratio of 5 mol periodate per 1 mol anhydroglucose units of cellulose at room temperature for 14 days. The reaction was performed at pH 4 using sodium periodate for oxidation.
Because of the low solubility of sodium and potassium periodate salts at the pH value between 6 and 9, the reaction in this pH range was not successful.
In order to find the optimal amount of periodate, the isolation was operated at room temperature for 14 days, and periodate oxidation performed at pH 10 on MCC.
In order to find the optimal reaction temperature, the isolation was operated with a molar ratio of 5 at pH 10 for 14 days. Table S1 . Separation of all possible PO-CNCs from total solid after various reaction times via centrifugation.
The sediment obtained from first centrifugation on total solid was re-suspended in 100 mL DI water. This suspension was treated with centrifugation at 3000 rpm for 20 min at The crystallinity index of the PO-CNCs was calculated based on the solid-state 13 C NMR spectra ( Figure S4 ). The area of individual peaks attributed to C4 within ordered (crystalline) and non-ordered (amorphous) regions were extracted by an integrate process using Origin 16. Then, the crystallinity index was calculated using the following equation: [10] Crystallinity (%) = + (3)
In this equation, X and Y represent the areas under the curves as shown in Figure S4B .
Based on the areas under the signals ascribed to C4 in PO-CNCs, the crystallinity index was calculated to be around 57.1%. The existing and the definition of inactive of H2I2O10 4led to a conclusion that the equilibrium of H2I2O10 4and H3IO6 2existed in the isolation process at pH 10. The main species for oxidation was H3IO6 2-( Figure S6A ).
From Figure S6B , there were three steps of deprotonation in the pH range of 1 to 12 [11] .
At pH 10, the form of periodate should be H2I2O10 4and H3IO6 2because of the presence of the plateau stage at this pH during the addition of aqueous KOH solution.
Furthermore, because the pH value of reaction solution remained at pH 10 and did not change at the end of the reaction, the reaction solution for isolation should only contain the same type of ions as during the reaction. Figure S7. A) , B) and C) are 1 H, 13 C NMR spectra and APT of soluble part from isolation process in D2O. D) Proposed route for the selective oxidation of cellulose and further degradation.
According to the NMR spectrum, the main product was formic acid. For the peak a in 13 C NMR spectra, we proposed this is the carbon spectrum of bicarbonate, as to the peak b, we proposed this is the carbon spectrum of oxalic acid. For the peak c in Figure S7B ,
We proposed that this peak belongs to the -CH2 group of glycolic acid. The amount of carboxyl groups on the PO-CNCs surface (14 days) was determined to be 0.45±0.07 mmol/g.
From the titration for determination of contents of aldehyde groups, 10 mL hydroxylamine hydrochloride solution (5% w/w) did not change the pH value obviously.From elemental analysis, we did not find detectable nitrogen in our samples.
Thus, the aldehyde groups could not be found in produced PO-CNCs and total solid. At pH value of 4, the form of periodate was H4IO6 - [11a] .
Periodate oxidation with same equivalent of NaIO4 resulted the polymeric dialdehyde cellulose ( Figure S11 ) with 9.8 mmol/g of aldehyde groups after 3 days oxidation [12] . Figure S11 . FTIR spectra of produced solid from periodate oxidation at pH 4 Figure S12 . Molecular structure of K4H2I2O10•8H2O. The structure was reported previously, with slightly different cell parameters [6] . Figure S13 . Representative Raman spectra of isolation solutions at pH 10 which was adjusted with a variety of different bases.
In these three solutions, dimeric orthoperiodate (in the form of H2I2O10 4-) should be present according to their Raman spectra [11b, 13] .
Moreover, it is known that HCO3and HPO4 2are the predominant ions of their species in each solution at pH 10 [14] . For all analyzes, small amounts of residues of secondary components always remain in the samples despite the most careful work. Therefore, results of >100% of all individual components are resulted.
